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(57) Abstract: A surface -coated cutting tool, 
which has a coating layer composed of an 
outermost layer and an inner layer on the surface 
of a substrate, wherein the inner layer comprises 
a compound of a metal belonging to IVa, Va or 
Via Group of the Periodic Table, Al, Si or B, and 
the outermost layer comprises aluminum nitride 
or aluminum carbonitride and further comprises 
chlorine in an amount of more than 0 % and not 
more than 0.5 atomic %. An aluminum nitride 
based film, having itself good thermal stability 
and lubricity, which further comprises a specific 
amount of chlorine, is prone to the formation of 
a protective coating on the surface of a tool having 
the film during cutting operation. The protective 
coating allows the enhancement of the lubricity of 
the surface. As a result, the above surface-coated 
cutting tool exhibits excellent lubricity even when 
it is used in dry working, mist working or the like, 
and thus has a prolonged life. 
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LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, 
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, 
US, UZ, VC, VN, YU, ZA, ZM, ZW. 
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MR, NE, SN, TD, TG). 

— amvm&m 



WO 2005/099945 



PCT/JP2005/007180 



m m m 

[oooi] *&mte. mttmmzmmm&Mcttxv—Tv^^iy^FV/v?j;F<D®mj: 
[0003] ^igij*px(Z)i« t^^b, s mmit^m^mtrrt^ #ru, ^gijx^it 

2 3 2 



WO 2005/099945 



PCT/JP2005/007180 



2 
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#f^m2 : #H|5pio-i58861#^# 
#fF^Cf^3 : # W2003-225808-^$ft 
#fF3Cilfc4 : #HS2003-27591 1 
#fF^Cm5 : #^&S59-27382^* 
#fF3tiSfc6 : #fFfg2861 1 13^16 
m$XW : #P?fl2002-273607^k#g 
#fF3Citfc8 : ^2002-263933^^ 
#fF^tiifc9: #112002-263941 
#fF3CifclO : #H2003-19604^$g 
#f^Cfi*U 1 : #H2003-251 12^# 
#fF3Ci»12 : #^&g59-27302^fg 

[0006] u$x&a^ xis^cD^iox^-e^v^^. ^Ktrax^oiij^ffl 
, Pitted X£-^T, XA#^^J;«9S<i-sr^^^tv-CV^§ 0 ^K^/v- 



WO 2005/099945 



PCT/JP2005/007180 



[0007] ^-c% ^mm<D^ a wh:, i?ttt^#Lti Mcm4tr&£9&\/ ^mmmmmm 
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[0009] bp*,, mtmmKmmm&M f ttmmwBt®w\r.M t -v3b^x, mmm 

<f*iJB> 

B<D^<DM&. JUX^Iftte, B&.ftb1rZ>) 

<*^«> 

^>fbT/V5^^X^^bT/^^^^^^9.^Ja^^^^0M0.5^ 
[0010] §3gijX^(D^m^^bV^#^^PX, ^IiJ^JPX 
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mtir^tmc^^mm(DmKx^m^mmir^t^j:Mcm^(Dm^^m 
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wm&. *&m&&m«>zbm^ wfem&<DmxfHm$:M)&irz>z.bx\ mmm 

[ooil] _hsB»J;5^XA#^^^_h-e^fcai ?a^^i-*5V^WT^J;5^#x.^tL 

^PX^4oV vf, WWPX^#i ^;5k^900°C@S<Z> MU<DVt$LTbfto1tJ&* 

tt^^^iJiffitbSx^^-rSwir^-e^fc^^.^ttSo — ^ Ky/v^^K5/v-e 
^<Dx^m^mT^^^h^m\^mm<Dmm^m^^bx\ w 

**^*£Ti-5t#^ ^©IJiitt^^fyi^ K^mx^ftfctt^x, ft 
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^^^tx-m^mwc(Di&-r^mmrf-^tKMx.x, K^^px^^fcwjp 

[0012] 

m\±<D\fn±^m^tmx^ 0 o.bw^%^mx.xmm^^t, m^m^mir 

m<Dnm^^ti^\ m^m^^m^Afe, o.o7j©^-%^xo.3j^^%j^ 
tx&% 0 ^m^omo.5mi Lo /o^r(Dm.m^^^mti.x^ ±Mm\^h 

^tt^mfhfi^o z.<Dt$, mt^mco^mi^ %n&if^fc&ioomm%bi. 
x, o®5.o^*%*iiSt m^. i.om&%£XTtirz>z.bfrmifbtiz>o ^.tc mt%k 

i&m-(*^&&Airz>~btfmif btiz>o ~(Db%, ^Am^m j s:mmir^bx\ m 
^<Dmm(D^mm:wmirz>b £i \ 
[ooi3] xtE^jgte, m^mm^^vxv^xhxw ip^, m^mfe. mtr/v^v 
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0isL\\ z.<Dt%, mmmfe. &mmm<DM^mt\<^tmmmmmm%mb 

o m^, m^mcommfe, ^mmmm^^^—rv^^y-^b-r^m^, 0.03 

0.03 n m^_h8 ix m^T^0*bv \ 0.03 ix m^mx\^ -t^mmmm^mhtiK 
«, loumrnxmixmrnx^ ±mtmm\^mxvh^m<D^w<^x, 

[0015] ^.(Dm^m t-*5v vr, ji^mBw^mxmmubmmir^mm <Dmm&t± , ® 

mmurxh^bm^^\ ^mm^btim^tcb^, m^mK^x±mm 
mir%mm<Dmmm.£Kmeoim.3„mMbtj:<>xm<tez>b^ mnm^mm^m^v 
u<m, mmm^mwuz.«f^^.bm\\ofc 0 mbs^, Mc^m^mt. 
mu^mmi.xwmm^y^^u ^mmmm^m^m^m^bxmmmco 
m^u^mmi^fcm. mm^5(xmmm^tf%m±mm.ts(Rmax)bu 
&}t£5tevtj:k*mt®rrz>o z.<Dmm&n. f&m&mzx^x&zm&mmirz, 
z.b&x%& 0 f&fmu&&mmcir%i3:b\ ffi&mfflL&^ftztcib, m^x 
temmm<Dmmm*m<tez>o ^x\ mm.m^^<-r^tMz.mmu&^^K 
-r^b&mfhtbZo ^<D&o\m\z.i&wm, wwmm^m-r-b^o^m^r^: 

M^m^XRm a xX1.3ixm^TbirZ>-bfrX%Z>fr\ tfM&l^ 7*7 

, 4*>\?—j><mMK£zmm$cm&n5^bfc£<>x^ mm.ts&mkz&z^bbvsm 

[0016] < ftjg > 
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^ TiCN, TiN, TiBN, TiCNO&^<DTi^tM^^/^&5I)f ^Al O ^ZrO Jfe^f 
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[0017] ±tt<D£5izftmizTm&®m&Mc%.z>zt-?. &vmttfmmwm:mirz> 0 # 

ffi, (311)B, (422)ffi(Z)^-|SfB]tt^m(ia^tt5^ii#m)TC(220), TC(311), TC(422) 

[0018] T^-^^hl:b3^_h(Dtt^|a^^i-§(D«, 3^mx&Z>b, MUtyWm*TX<DM 

[0019] a^ra^-ma^ cvDmx»m&KmirZ)igr&, mm^mhtiM 

V>CH CNJfe^(DW^^^^3|Sf^Mv^ % SJ^#H^M(800°CJ^±950 
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mmcNm^&m^kmmmum. mm&jj. xxmrn. xwm 
^mu^mm^m.xw^mTiCNm^mrxurm^h^mm^mm^m^m 

n^-co^m^m, n&Mmzo.oi » m ^_hi.o/z ™vxry£b^mm^tdm&x 
[0020] ±mrx<<?hi£<DMfeii&. m%.&, wr©±9»5i:iv\ mmm&m 

§ G ^br, ~(DTicm*bte%m<Dmm<7)i/2K&ttmmx\ mut7k^^h^> 
&ffiM)<vm&m&tu &^Mi<nm&mm^x^MmMu^mm^mi 

U ^.(D%m\m:T^^Yitbir^b^\ 

[0021] M#^T^^hit£*i-3TiCNjiite. ^(DXyiz^&mmfe^Msikm 
[0022] mu 



TC(hkl)= I(hkl) 



8^1 



I(hkl) 



I 0 (hkl)^8^I 0 (hkl)^ 

i(hki) : m^titz.{hk\)m(Dm^^ 

I 0 (hkl): JCPDS^T^M3:J;6(hkl)ffi^flij^1-3 
(hkl) : (1 1 1),(200),(220) N (31 1),(331),(420) N (422) N (51 l)(08ffi 
[0023] ie^tt^#c(IBf^tt^##:)TC(220), TC(31 1), TC(422)©V >-f tL^^fjf^ 

wmmftbi&m&m^&ttm&mftbftZo ^ mmTiCNm^mrx^r 
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Rmax(S*ftft£5 » m)£0.05 » m^_hl.5 ix m^XTK^m^ti^:M^(Dmt±K 
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m^^yh^w^(^m^w^)xmmi-^tm^L-^\ mw&miva. v a 

(Powder Diffraction File Published by JCPDS International Center for 
Diffraction Data)fclfB<b&Sjfcv\» ^t^>. l!i&^^ffc^fc5TiCNa>&&5Jg<£> 

mmm&mmu ^(Dmmm^m^mmmi^ir^txn^txw 
[oo25] ^m^mwc^m Kxjfm-r%m&. ^<th—^com^±mr^^h^}£^ 

x^xhxw m^b. p%miz. mmjiCNmt. ±m^mmtKxmmvxh^\ 

fc&mmti, mmTiCNmtmf&tmtezmtisXh^^u mmTiCNmtmn 
x^*E[B]tt^M^^fcTiCNlI^LT^J;v^ 0 mmriCNmn, m—^mxhx 
v>u mwcMK.x\^^xhx^\ \\&mm tmmcNmt^ \^-m&mmmz.vxh 

wfrtm^ ik^mm, ^mncnm. Wt9vmt\^xb^\ 
[0026] *mmmmx.M:&*v~Tv^^y-?birZ)M-&, ±mM:^mRTfftmfahtez> 

(Dmw-t^o.in m3zM(DM&. mm^\^(7)\Pi}±m^mhthK<^\ 30.0 ^ mm^m 
£\ mmmtim<te%^txmmmk<Dfa±temmx%z>-t>K mmmt^tc^^x 
i^4cB<, xm-x^m^^m^x^m\^t:mji^mm^'o^\ * 

m$-ffc<Dmm^ 0.1 ^ m&,±24u m£iTtir%-bW£^\ wimm^fc^mm 



WO 2005/099945 



PCT/JP2005/007180 



10 



[0027] _hiE^s«, ftm&n&ir%<}?f£<bh-^<Dm£V)-k, wmmm\<^ti>m$. 
[0028] ±mmm oiz< th&umm<Dwm Km^-r^m^m.-r^o mumm 
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[0029] ^*d\ mumm^±mm^-mRxi\Hm^hf^mm.m^m^ m^tmm^m 
^mmm^mm^M^u—^fmm^<Dmm^m^mi,xhhib^^ \ 
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[0031] kp/k ^>-k^/k ^^MJimyo^mM^yzf, mmmyo^m 

m^y7\ M®r.M, ^\ ^y^fcV^fcffi^^giJX^^^ 

±mmm<Di&mz. pvD8rct>j;v>u Jt^siw^jyKafi^]fi5v^cvD^fe-e^>J;v^„ 
t-e, s?ttti-i^t#(^ wpjitttt. mxm^ ummmchmtiz 

o «ot, K^PX^T^j^PX, ffi^iM^BUWOj&nX, ^rOmflSai-ifttE^ 
^PX^i^^^^fe^^^li^^^^^PX^^^V^fc^giJ^^MbV^ffl 

[0033] ^M^fiffitS§]S!lX*^*3V>T, \HM fc#^©TiCNJBI&*>t3r. 
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[0034] *mm<DmM(Di&m&ifomirz> 0 

mmm i 

[0035] uxt\ jg»xffl(D^n— r^^^y^m^t^xMi^mcnmir^ 0 

ffi.j^^wC:86ai%, Co:8.0®i%, TiC:2.0®*%, NbC:2.0{fM%, ZrC:2.0|f 
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-ef*. ^HIU^kJlR^ rtS^bT, TiN(0.5X TiCN(6), TiBN(0.5), /c -Al O (2)^ 

2 3 

J&U t^ItL-CAlN(3)«Lfc(Mrt»t«i4iJ?1:-fc5(¥t^m)) 0 ^ltd 
^(kPa\ ^^M(°C)^i- 0 J8£J¥E\ j£J8ll$ra(;iJ;S>WMUt„ ^LT, S^Jg£ 

j®o.5js^%«r©ia3(fSr^^rr« i b©, ino.5^%M©m*^^-r^», m 

(DMm*^-rz>tm kssv ^m^^mm^m^xmrntmrn-r^ 
mffi&muts&m^frt^ ^^m,r.M,mm^hmmir^m^x<>xwm^ri 

1-21:1*0.6 n mX&otio ^^(D^^MU, XPS(X-ray Photoelectron 
Spectroscopy)^-C$J^U-'/^ £fij£<DfliS&^ Ilt^gttiCf t©t/J^f^ 
EDX(Energy Dispersive X-ray Spectroscopy)^^ ^ N SIMS(Secondary Ion Mass 
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[0037] [^1] 







(kPa) 




AIN mi 


A1C1 3 :1. 0~5. 0%, NH 3 :0. 1~5. 0%, 
N 2 :20~50%, HC1:0. 01 — 1. 0%, H 2 :$s 


4 0~SO 




A1CN 581 


A1C1 3 : 1. 0— 5. 0%, NH 3 :0. 1 — 5. 0%, 
N 2 :20— 50%, CH 4 :0. 5— 5.0%, 
HC1:0. 01~1. 0%, H 2 :g| 


4. 0—80 


750—980 


A10N 581 


A1C1 3 :1. 0~5. 0%, NH 3 :0. 1— 5. 0%, 
N 2 :20— 50%, 002:0.2—3.0%, 
HC1:0. 01 — 1. 0%, U 2 :B, 


4. 0—80 


750—980 


AIN * 2 


A1C1 3 :1.5%, NH 3 :1.0%, N 2 :40%, H 2 :^ 


5.0 


1000 


AIN * 3 


A1C1 3 :1.5%, NH 3 :3. 0%, N 2 :40%, 
HC1:5. 0%, H 2 :^ 


13. 3 


950 


A ION m 


A1C1 3 :1. 5%, NH 3 :6. 0%, N 2 :40%, 
C0 2 :l.0%, H 2 :$| 


6. 8 


1100 


TiN 


11014:2.0%, N 2 :25%, H 2 :$l 


13. 3 


950 


TiC 


TiCl 4 :2. 0%, CN 4 :5%, H 2 :$e 


13. 3 


1050 


TiCN 


TiCl 4 :2. 0%, CH 3 CN:0. 6%, N 2 :20%, H 2 :^ 


6. 7—80 


800—950 


ZrCN 


ZrCl 4 :l.0%, CH s CN:0. 6%, N 2 :35%, H 2 :^ 


6. 7 


890 


TiZrCN 


TiCl 4 :l.5%, ZrCl 4 :l.0%, CH 3 CN:1.0%, 
N 2 :45%, H 2 :2S 


6. 7 


975 


TiCNO 


TiCl 4 


2.0%, C0 2 :2. 5%, N 2 :8%, H 2 :gfc 


6. 7 


975 


TiBN 


TiCl 4 


2.0%, BC1 3 :5. 0%, N 2 :5. 0%, H 2 :$| 


13. 3 


950 


HfCN 


HfCl 4 


1.0%, CH 3 CN:l. 2%, N 2 :40%, H 2 :^ 


6. 7 


1025 


a A1 2 0 3 


A1C1„ 


2.0%, H 2 S:0. 3%, C0 2 :5. 0%, H 2 :$s 


6. 7 


1050 


k A1 2 0 3 


AICI3 


2.0%, C0 2 :5. 0%, CO: 0.5%, H ? :^ 


6. 7 


1000 


Zr0 2 


ZrCl 4 


2.0%, C0 2 :7. 0%, U 2 :n 


6. 7 


1050 


Al 2 O 3 -Zr0 2 


AICI3 

n 2 :m 


1.5%, ZrCl 4 :0. 3%, C0 2 :9. 0%, 


13. 3 


1070 



SKI : IlWtiS 0m 0. 5m7-%SXT<Dh<D 

^2 : m.m^^^^<D 

^3 : ifeSf-^^T*^ 0. 5 t> © 



[0038] 



m 

No. 


mm 


m% 


1-1 


AIN m 


0. 02 


1-2 


AIN m 


0. 15 


1-3 


AIN m 


0. 49 


1-4 


AIN * 2 


0 


1-5 


AIN * 3 


0.90 
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[0039] mK^i-M:^m&^i-%mmMm*v—Tv^^y-7&m^x, m^^-rm 

1zb%&T.Mc04(ibVfz o &M<DW%&m4 : Kjfi'1r 0 

[0040] [^3] 





mmmmzM 


mx&mzm 


mm 


S15C %w 

3 ®mM vtxm 


S45C mtt% 




V = 300m/min 


V = 260m/min 


m *) 


f = 0. 3mm/rev. 


f = 0. 2mm/rev. 




d= 1. Omm 


d= 1. 5mm '. 









[0041] [Jt4] 



m 




Hj min 


No. 






1-1 


40 


23 


1-2 


63 


30 


1-3 


52 


21 


1-4 


10 


7 


1-5 


9 


4 



[0042] ^(Dw^k. &4\&frt-£5\zJ8cftmbvx, omo.5m^%siT<DMm&*s&mkT 
KmthZbm^ mmffi&Tifzzb^mxmmzhmtizzt&frfrZo r 

IWi-i~i-3te, anxn#|!8#SC JLM e &&<DMMk&$mVXTt*£>Z.b&t>fr 

[0043] (pmmi-2) 

nmmi-ixm v ^mm^mub mw<vh<D&mnu mhtbt-mumm Kmc 
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m g 

H'a 
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[0045] mK^-rmmm^ir^mmmm.^—T^^^yy^m^^x, ur^-rm 
-to 

[0046] »J#:SCM435 %mz&Zl&^VmM1&fflfiXM. 
S:V=180m/min 
jgf «9:f=0.2mm/rev. 
§JiA^:d= 1.5mm 

[0047] -^co^m, ^5J^^J;5^#Sft<D^^#^«^>fk^r/i^^^AJl!ISrft^ 

JgfcU #5S*^©l£&rtSfcA;t53W2-l~2-12, 2-16—2-19, 2-22, 2-23J3, 

z<Dm<D$tiftti£i&L'X, mmmz.mfo%bm^ mtiizmm$m&irirz>zb&t> 

[0048] ^5^^-T^^^, 0.03/z m^_h, ^#:flHJ¥te0.1 ju m£JLh30ju 

u**ZLbifit>i>*Z>o 

[0049] _hfEi£$*2-l~ 2-23<Di£X<D^y7&tymU **WS t-*5V vf, 2J$fcgMft$Pa£# 
-e^IlJW^^tti-^MBf^Bft^^^^S/z m-eaOSL^m, f£f*2-23£|&< 
i"-<T(D^5/^Rmax-ei.3/i mi^T^^oTV^^, ^^2-23{iRmax^?1.7 ix mX 

m&#i5oo<D^4-Y^^—xbxmmisX^ mm^mxmm^mu^m 

misfubZ.^ Rmax-e0.52jum^o-CV>7t 0 ^(DW^byt^•^y7 0 ^fflV^'CPlC^[l||lJ^ 

x-hn%o ¥W2-3fc&^xm&\z.m&&&Mfeutbz.^ Rmax-eo.76jKm-c 
hoizfiK ±mbmm<Djjmx?i9G&mmu nm-mm-r^b^m^m^mmbt^ 
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M S:V=250m/min 
£t <9:f=0.3mm/rev. 
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W&^s f^2-l~2-12, 2-16~2-19 s 2-22, 2-23te\ *:<Difo<D&&ftblkt&LX 
?U—?m&ML&'J?t£faotlo 09*.fif, fW2-4,2-5,2-6«^*L^tU 0.45mm 2 , 
0.39mm\ 0A4mm 2 Xfoofc 0 

[0052] 
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mtDmnmftxmmm&mmistco ^2-2©«swifc^i4i 

S^jg(D^mo^ft^0.2M^%i:Lfc o 

1 JIS^|§-:P20i^-^5/h^(Z)^DgiJ^5/^ o (fi^:*X/N-K^^M*)M T1200A) 

2 -fe7^5/^M<7)-KIIiJ^^ 0 (ft^mX^N— K^^/Htt)M W80) 

3 mitmmm^mn^yymMmr.^—^^Mwm ns26o> 

4 i:^^M^Mm§3l'J^^^(f±*:mX/N-K^^/Htt)S BN250) 
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[0053] 

m^WC:86WM%, Co:8.0jfs:%, TiC:2.0«*%, NbC:2.0jfi%, ZrC:2.0jC 

W&W&SaCZfJlrfc*- ~l/?W^&M\sXWM)MZ&$f^\ ISOSNMG120408<D 

[0054] ^<D^^ffi^^#^^-efe§SCVD&MV>T^jg^^LfCo ;*$t|fe 
-Ctt, »l«^JlK^ rtJBiXT, TiN(0.5), ttW^TiCN(6), TiBN(0.5), ic -Al 
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3 

m)) 0 ^6^€-J^(D^^#0— WSr^-To *f*6^J^{i^^(Dm^(^*%), fig 

if u#(DjEE^(kPa), mmum<x:)^ir 0 mmn, mmmm^xm^tco * 
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?&S:900°C, JX£/:8kPairT5£3£^ TiCN|^(DTiB^Jf^bfcTiN|^(D^Ba$ 
Rmax(S«$5 ju m)^0.1 m@g£&5 ^TiNj^CDfig^#(^^. JX^U 
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XPS(X-ray Photoelectron Spectroscopy) &£T$!l^Ufc^ $B&<DlfeMi^ ifiifl 
^&.W&foift&(&fflt'bW$EDX(Energy Dispersive X-ray Spectroscopy)^?^ 3 
N SIMS(Secondary Ion Mass Spectrometry) l^oTt"Cf5 0 
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[0057] mK^i-M:^m&^i-%mmMm*v—Tv^^y-7$:m^x, msK^-rm 
m&Wtexmkmw\tox<£ft\\ nM,m^t^^x(DMi:mmmmvfc 0 mm 
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S15C %W 
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fc^o */c, ^JP^bT^OTiCNfl^J^S^-C, ^tL^>(Z)K#43-l~3-3^, 

£br*5fb-f\ Bf^tv^tt, fi^tt^istLTi^c 0 ^twb<^^ib, IW3-1 

~3-3«, ^PXBtfWSC X*#^«^b^HmbTV^'^^^^ o 
[0061] (MmMl-5) 
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mWMfrbmfc. TiN(0.5). tt^MTiCN(4)X^^m»iCN(4), 
TiBN(0.5), Al O -ZrO (2)£U MftmtVXAiN*\3)(m7fc&\,^XP<ffl3-3)&J&)£L 

2 3 2 

Rj&tfXlZCH CN«rfflV\ W*.t£, ^Sit920 o C, fih^6kPa£U KJ&#*-C&5 
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ss^a^ *«s^©j0ti?(^i!ti¥)S:^ro mm-m^x, mu 
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[0068] miK^&mm&ftirzmmwifcv—Tv^^y'T'&m^x, ^n-*t 

o 

[0069] $m'J*t:SCM435 ^L#^^^15##3SbW^tt^ 
3^ S:V=180m/min 
jgf «9:f=0.2mm/rev. 
§JiA^:d= 1.5mm 

[0070] ^li l£^ir£? teftfem<DMm^ft1rzmt%kT^~VJ>>m&Mc 

W-mtU T^^Wt3J^X, gS|R]ttitmTC(311), TC(220\ TC(422)<DV>f ft^a 5 
a±flt^^5tt^MOTiCN^P fc 3«^^X.5^5-l~5-12, 5-16—5-19, 5-21 

[0071] *fc, ^llfcj^mfe&a^ S^JBte. 0.03 .um^X, ^:#:j^J?«0.1 ju m^X30 

[0072] XfB^5-l~5-210^T(D^^§J8lfU ft*Wg iCiSV vf, y39cfflR&7&& 
ir^<X<D^y7°&RmaxX1.3 » m^Tt^oTV =£$^5-21 f^Rmaxt? 1.7 n mX 

feofc 0 ^r-c\ nm-2i<Dm^mizm^xj)&mB%m&xMmttbmf&irz>m 

m&# i500(D^^^K^— ^h-ew^b-c, i^#(D^&-ew^^<D®ft$^ 

ygUci:^ Rmax-e0.52 i umi:^o'CV^c 0 r(DW^U^^ 0 ^fflV^-C^IC§]^|lJ^ 
X-hUZo ^;^f5-3^c:*DV^T|WI#^ffi3B.$^SlJ^bfc^^>, Rmax-e0.76/zm-e 

*:it>s^3$c#£iW-~o 
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[0073] mmmi-6') 

M S:V=250m/min 
j£ «9:f=0.3mm/rev. 
^DiA^:d= 1.5mm 

^t<Dffi^ |£3|8f5-l~5-12, 5-16—5-19, 5-2 lte, ^(D^^^PrtiAMVX^-- 
^m^m^^ofCo ^^5-4,5-5,5-6^-^^l^r^b, 0.3mm 2 , 0.27mm 2 , 

0.29mm 2 -e$3ofc 0 

[0074] (pmmi-7) 

(D^mit, 0.18MT-%i:bfc o 

1 JISii*g-:P20U— ^yhM&mm^yyTiiiicmJL^— h***MW)Wk T1200A) 

2 iT755/^M<7)-KIIiJ^^ 0 (fi^«X^N— K^^/Htt)M W80) 

3 m^mmm^m^y^m^mi:^— vtzMmn ns26o> 

4 ttM*Mmmmm^iyy*mfcnj:^-v*?Mmm BN250) 

[0075] J^T, xyK$;^i^toTlfr^(^it5 0 
G«»«I2-1) 

JIS Z20«tB ^ 0 10mm ; 2ft^^^x7ixyK^S#(y Us>IW 
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. TiN(0.5\ TiCN(4X TiBN(0.5\ k -Al O (D^J&U MftmtVX 

2 3 

mn, mmc^irxyicf&mm^&mk^&z-tx. ^m^mmtezun&ft 

m(HC\)<Dit^&mk£^:Z>~bxmt:^fc 0 *fc, ^b7K*(DA^j;<9, itt^J^ 

m^^m^-t'tz.^ v^n^jLMmmfrhmmi-ttmzx^xm^thzmmn 

H mXhofCo M.^(D^^MH, XPS(X-ray Photoelectron Spectroscopy) KXM'M 
Lfctf*. M^tllt mmm^mmm^lftm&Whmt&EDXiEnergy Dispersive 
X-ray Spectroscopy)^"^- 5 ^ SIMS(Secondary Ion Mass Spectrometry) JdJ^oX 

[0076] [Jtl2] 
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Rfojfxm.& mm) 


(kPa) 


(°C) 


AIN *' 


A1C1 3 
HC1:0 


1.0—5.0%, NH 3 :0. 1 — 5. 0%, N 2 :20— 50%, 
.01 — 1.0%, H,:B 


4. 0—80 


750—980 


A1CN 


A1C1 3 
CH 4 :0. 


1.0—5.0%, NH 3 :0. 1 — 5. 0%, N 2 :20— 50%, 
5—5.0%, HC1:0. 01 — 1. 0%, H 2 :g| 


4. 0—80 


750—980 


A10N 851 


AICI3 
C0,:0. 


1.0—5.0%, NH 3 :0. 1 — 5. 0%, N 2 :20— 50%, 
2—3.0%, HC1:0. 01 — 1. 0%, H 2 :$s 


4. 0—80 


750—980 


AIN * 2 


AICI3 


1.5%, NH,:l. 0%, N 2 :40%, H 2 :g| 


5.0 


1000 


AIN * 3 


AICI3 


1.5%, NH 3 :3. 0%, N 2 :40%, HC1:5. 0%, H 2 :g| 


13.3 


950 


A10N * 2 


AICI3 


1.5%, NH 3 :6. 0%, N 2 :40%, C0 2 :i. 0%, H 2 :B 


6.8 


1100 


TiN 


TiCl 4 


2.0%, N 2 :25%, H 2 :^ 


13.3 


950 


TiC 


TiCl 4 


2.0%, CN 4 :5%, H 2 :g| 


13.3 


1050 


TiCN 


TiCl 4 


2.0%, CH 3 CN:0. 6%, N 2 :20%, H 2 :B 


6. 7—80 


800—950 


ZrCN 


ZrCl 4 


'1.0%, CH 3 CN:0. 6%, N 2 :35%, H 2 :^ 


6.7 


890 


TiZrCN 


TiCl 4 


•1.5%, ZrCl 4 :l.0%, CH 3 CN:l.0%, N 2 :45%, 


6.7 


975 


TiCNO 


TiCl 4 


:2. 0%, C0 2 :2. 5%, N 2 :8%, H 2 :g| 


6.7 


975 


TiBN 


TiCl 4 


: 2. 0%, BCI3 : 5. 0%, N 2 : 5. 0%, H 2 : 31 


13.3 


950 


HfCN 


HfCl 4 


:l.0%, CH 3 CN:l.2%, N 2 :40%, H 2 :$s 


6.7 


1025 


a A1 2 0 3 


AICI3 


:2. 0%, H 2 S:0. 3%, C0 2 :5. 0%, H 2 :B 


6.7 


1050 


k A1 2 0 3 


AICI3 


:2. 0%, C0 2 :5. 0%, CO: 0.5%, H 2 :gg 


6.7 


1000 


Zr0 2 


ZrCl 4 


:2. 0%, C0 2 :7. 0%, H 2 :g| 


6. 7 


1050 


Al 2 0 3 -Zr0 2 


A1C1 3 


:l.5%, ZrCl 4 :0. 3%, C0 2 :9. 0%, H 2 :g| 


13.3 


1070 



^•1 : i&m^^Atf 0 m 0. 5 J%^%£IT <D h<D 
^3 : &m^&& 0. 5 W^%m<D h CO 



[0077] [ill 3] 



No. 






6-1 


AIN m 


0. 03 


6-2 


AIN m 


0. 18 


6-3 


AIN * ! 


0. 48 


6-4 


AIN * 2 


0 


6-5 


AIN * 3 


0. 98 



[0078] mizi&^m^m&iiir&mmifcm.^F^&m^^x, muic^-f-mm^mc 
xmmm^m^x^tzo mnmmxi^ -^pxs(i50m)-e(D«^M^ij^L 

Mr.m^—^mijnji(50mm)\z^n^rcm^u^m^x^fz. o nm^^m 

15t^i- 0 
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[0079] mw 





WJ3M^ 2 


wrnwx. 


10mmK^PX#, 50mm^PX 


: S50C 


11^ : SKDll 


M. M : V = 300m/min 


M S. ■ V = 80m/min 


1 J}^K.<9m<9 : ft = 0. 1mm 


& X) : 'KMX 0. 07mm/rev. , 
JftjjPI 0. 15mm/t 


Mljjfaty&fy : Ad = 8mm 

: Rd=0. 5mm 


mwm : &l 




JDXSg^t : 150m 



[0080] [^15] 



No. 


mm i 






(N • cm) 


6-1 


55 


610 


6-2 


31 


410 


6-3 


42 


550 


6-4 


92 


1050 ! 


6-5 


115 


1120 i 



[0081] ^(Dffigk, m5\z-jfrt&5\zMf[-mkLX, (Mo.5m*'%&>T<D&£t&iftt ^t: 
T/v^^aih^^ n #^ffl.^<^JII^p fc gjB^*x.§^6-i~6-3», 

, ^6-i~6-3«, i:M;mifc<Dm^k&mm-?%Z)~k&t>faz> 0 

[0082] (|*ift^|2-2) 

^^J2-l^fflV^cM^^^K^V^il^#(O^(DSrffi#U-e0iiJ^BI^ 
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[0083] 
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[0084] mi6K7jkir^m.m^ir^mm^m.^^^m^^x, ^xrK^mm^K 
t#j®^px^tv\ — ^px^doom)^^^*^^^ #t*»-ctt\ f^myo 

[0085] ^^K5/V ^Jffi^PX 

«J#:SUS304 

M S:V=130m/min 

1 J) ^ fc<9m<9 :ft = 0.03mm 

#^|Rj'5DiA^:Ad=8mm 

¥S^[Bj^Di^^:Rd=0. 16mm 

*PXjEgg|:100m 

[0086] Zr<D$g^ m6i&1r£5fc&fem<D&m^&1rzmk&Tsi'$~VJ*m&Mc 
^StU W3£|a^©JR36^J5;5rtSSr*^.5*W.7-l~7-12, 7-16—7-19, 7-22, 

[0087] *fc, ^16^^-TM^^. 0.03 ix mJ^X. ^MCTteO.l ix m£!X24 

[0088] XiE^7-l~7-23(D^-C(0^>'K5/V^ifL, fc*3l vC, fl^2J<£>2J$fc 

^Sf7-22^|^<i-'<T(D3i>'K^^Rmax-ei.3 n mJ^Tir&oTV i£jSf7-22te 
Rmax-ei.7Atm-Cfcofc„ ^7-22(D^Jg(cl*5V>T^M^^>?3^^ 

ift^-eMi'J#i!^tti-^00f«r# i500(D^-^^^K-<-^h-ew^b-r, rhh<z> 

^■fe-eW^^ffia^^SU^bfci:^, Rmax^0.52/zm£&oTl^c 0 ^©tiL 
&%m\^fz.t^ Rmax-CO.9 » m^oft^K XfE^il<D^?fe^D;$k£WBiU S 



WO 2005/099945 



PCT/JP2005/007180 



33 

[0089] jjteu ^7-23^, m^m<7)mmm^m<vmmm£yhn<te%£?w%m.m& 

nmi^tio ^rUT, _hfE^7-l~7-20,7-22,7-23^5oV^T, WMm^mmiT^m 

^ri^ofc 0 ^(Dfcfe, ^7-23}*, IMttf^igTLfcW^^o 
[0090] (i*!$t#j2-2') 

_h|E^7-l~7-23^IH#(D^ffi^a^^K^^^b, WT©§JB'J^#-e§J 

^HiJ#:S50C 

S:V=100m/min 
^ «9:f=0.05mm/t 
^OjA^:Ad=10mm Rd=0.6mm 
tyWm:t£U^T-/n— ) 

t£|S|-7-l~7-12, 7-16—7-19, 7-22, 7-23{3, ^©iO^lt^Lt 

?v—?m&m$'pm^fc 0 m*.t£. uw-u^mmm^it-r^t, 1*^7-3,7-6 

Mtl^rtl, 0.44, 0.52-efeofc 0 
[0091] (K,f^!j2-3) 

x.^^^jv{c^\^xit, ^mm^m^tzM. ^^xm^m^xmrn^Mttv 
m^mtsttmmmm^h^/v&frmu nmw^tmm^mnmwxmm 
inx^njfebfco ^^-rtvbmmmte. mmim^-ir^mm^f' 0 tat, mm- 
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1 jis z2omm^(Dmm^m^^n^>v^mmj}wmm^M) 

2 JISf||g-:P20U— ^yhM <t> 10mm ; 2^Cj3^^Tm^^^U 

[0092] mmm2-4) 

JIS Z20®F@ ^ <DMm&&Wl </> 10mm ; 2%tJJ^?^Tm^>V^%M{y V S>K^f 
, rtS^b-C, TiN(0.5\ ft^|B-^TiCN(4), TiBN(0.5\ k -Al O (l)£r?F^cU 

2 3 

teZ^lCfftm^tc* Mtfcma^, RSt^^CH CN£rffil\ ?M:900°C, JE^: 

3 

8kPa^i-§^*^, TiCNH (DTJat-^bfcTiNlf (D^Bft$Rmax(^2pft$5/z m) 

m^m ^o®o.5j^^%wT^^*^^r-r^<^, i^o.5m^%m^*^^ 

©MfcJ:^ M/«B#tf>JE^ ^iaSSr^b^^^o HI-, tp^o®o.5 



WO 2005/099945 



PCT/JP2005/007180 



35 

Xm\^tl^mmM^5 » m^L-CRmax/^1.3 » m^Tt?fcofc 0 =M*#Jfcfc\ $J;t 
\~£, ^^8-2-Cf*0.6 u m-CfcofCo M^(D^^A\^ XPS(X-ray Photoelectron 
Spectroscopy)^T$JSL7c^ mtft(DVm&. ISlf if t(-fff ©f /J^« 
EDX(Energy Dispersive X-ray Spectroscopy^^ ^ SIMS(Secondary Ion Mass 
Spectrometry) \ Z. X o ~C& "C# <5 C 
[0093] [Jtl7] 





Fv" i^; -ff ~X f# f^-lHO 1 


(kPa) 


mm 

CO 


AIM ^ 1 
A UN 


A1C1 3 :1. 0—5. 0%, NH 3 :0. 1—5. 0%, j 
N 2 : 20—50%, HC1:0. 01 — 1. 0%, H 2 :B i 


ft. U^t5U 




AlCN 


A1C1 3 :1. 0— 5. 0%, NH 3 :0. 1— 5. 0%, 
N 2 :20— 50%, CH 4 :0. 5— 5. 0%, 
HC1:0. 01 — 1. 0%, H 2 :^ 


4. 0—80 


750-980 


AlON 851 


A1C1 3 :1. 0— 5. 0%, NH 3 :0. 1 — 5. 0%, 
N 2 :20— 50%, C0 2 :0. 2— 3. 0%, 
HC1:0. 01 — 1. 0%, H 2 :m 


4. 0—80 


750—980 


AIN 582 


A1C1 3 :1.5%, NH 3 :1.0%, N 2 :40%, 

u 2 -.m 


5.0 


1000 


AIN * 3 


A1C1 3 :1.5%, NH 3 :3. 0%, N 2 :40%, HCl:5. 0%, 


13.3 


950 


AlON 582 


A1C1 3 :1.5%, NH 3 :6. 0%, N 2 :40%, C0 2 :l. 0%, 

n 2 -.m 


6.8 


1100 


TiN 


TiCl 4 :2. 0%, N 2 :25%, H 2 :?j| 


13.3 


950 


TiC 


TiCl 4 :2. 0%, CN 4 :5%, H 2 :^ 


13.3 


1050 




TiCl 4 :4. 0%, CH 4 :4. 0%, N 2 :20%, H 2 :$l 


14 


1020 


t£ ft 'p £ j\t 


TiCl 4 :3. 0%, CH 3 CN:0. 6%, N 2 :20%, H 2 :^ 


4. 0—80 


800—950 


ZrCN 


ZrCl 4 :l.0%, CH 3 CN:0. 6%, N 2 :35%, H 2 :$l 


6.7 


890 


TiZrCN 


TiCl 4 :l.5%, ZrCl 4 :l.0%, CH 3 CN:1.0%, 
N 2 :45%, H 2 :^ 


6.7 


975 


TiCNO 


TiCl 4 


2.0%, C0 2 :2. 5%, N 2 :8%, H 2 :gl 


6.7 


975 


TiBN 


TiCl 4 


.2.0%, BC1 S :5. 0%, N 2 :5. 0%, H 2 :^ 


13.3 


950 


HfCN 


HfCl 4 


1.0%, CH 3 CN:l. 2%, N 2 :40%, H 2 :$l 


6.7 


1025 


a A1 2 0 3 


A1C1 3 


2.0%, H 2 S:0. 3%, C0 2 :5. 0%, H 2 :$| 


6.7 


1050 


k A1 2 0 3 


A1C1 3 


:2. 0%, CO, : 5.0%, CO: 0.5%, H 2 :?jg 


6.7 


1000 


Zr0 2 


ZrCl 4 


:2. 0%, C0 2 : 7.0%, H 2 :g| 


6.7 


1050 


Al 2 0 3 -Zr0 2 


AICI3 


1.5%, ZrCl 4 :0. 3%, C0 2 :9. 0%, H 2 :^ 


13.3 


1070 



^1 : S*tfWOi0. 5 jm^-%^T»^<7) 

*2 : mm%-sit^^<D 

^3 : i&m^ 0. 5 m^-%M<D h <D 
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No. 


mm 




8-1 


AIN m 


0. 03 


8-2 


AIN m 


0. 18 


8-3 


AIN *' 


0. 48 


8-4 


AIN * 2 


o 1 


8-5 


AIN * 3 


0. 98 ! 



[0095] mm&ttMcftm&ftirzmmwBt^Fsji'&R^x, mi9K^-rmm^K 

— S^>^PX(0 10mm)^fTV\ 'KMlimKM^tch/^i^WlMir^t^K, ^ 

mum^.— ^o^nx(50mm)^#fi i bfc^(D^«^ii-<T^fc o um^^m 
20^^-r o 

[0096] [it 19] 



i 


^Diy^# ii 




10mm T^PX?^, 50mm?#;OPX 


WWm : S50C 


«HUW : SKD11 | 


M K : V = 300m/min 


31 m : V = 80m/min 


1 Jl^tc^m*) : ft = 0. 1mm 


i£ 9 : ftAPI 0. 07mm/rev. , 
ffAOI 0. 15mm/t 


tt#|R]#Jji& : Ad = 8mm 
^fefifilW^fy : Rd=0. 5mm 


wmm : L 




flPXEgBt : 150m 



[0097] [^20] 



No. 


SJI|IJ&# I 


m\m ii 




(N • cm) 


8-1 


42 


680 


8-2 


21 


430 


8-3 


35 


510 


8-4 


85 


1110 


8-5 


121 


1050 



[0098] ^<z>mu m20K^-rxoKM^mtvx, omo^m^/our^mm^t^mit 
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K^clftttSriRlJiUrv^S^^fcd^o *fc, ^;h^<Di£|sf8-l~8-3te, It 
1^8-1 ~8-3f3\ XA##(DM^k«:^m-e#S-^dSt?d^o 

[0099] mm&\2-5) 

^W&M&f&fSUto X&MrZttL, mWMfabMl^ TiN(o.5\ ft^«TiCN(4)x 

tt*fc*yiaiamCN(4), TiBN(0.5) N Al O -ZrO (1)£U ft^JB^L-TAlN* 1 (1.5)(^18 

2 3 2 

K^^xum-3)^M^t'(mM^(Dmm^mmxhHm^iiim)) 0 mmn, i&m 

ffiSr^k:$*^o Affc#J&-J3\ RfoJfXKCH CN3rfflV\ ^M920°C, J£^6kPa 

3 

3 

fcUfc, fllfcfrf, TiCNj^(DiafR]tt^OS:^TC(422)i!i-6^^, Stt^ 
ffifi£Rmax(^«£5 jit m)£0.09 jit m\Z.Um~rZ>tM^ ZL<Dm*V>iMA(ttto>b 

[0100] [^21] 
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m 

No. 




m TiCN m 








TC <D 


9-1 




5. 3 


311 


72 


I 9-2 




6. 8 


422 


64 


9-3 




3. 3 


220 


85 


9-4 




2. 4 


220 


140 


9-5 




3. 8 


420 


182 


9-6 






311 


255 (Jztf) 



[oioi] m2i\z.7jkirTiCNm^\Hm^ir^mm^m^^^m^^x, siTK^-rmm 

[0102] ^^k^/v ISiC 

WJ#:SKD11 

S:V=250m/min 
1 Mi : ft = 0.05mm 

$ft^lRj§3ii^ : Ad = 8mm 
^^^■[bJ^DjA^ : Rd=0. 15mm 

^PXEgi|:80m 

[0103] *r©J|fe£, ^2l^-TJ;5^rtS^b-CTiCNj^^x.^^, ft^M^-tm 

*g*CTC(311), TC(220\ TC(422)tf>V >1* ^^ft^Sr^5ft*«aifc©*nCNj|!ISrA 

x.§K^f9-i~9-3fi, K^^px-efco-cb, HteBWM^tefth/rv^rfctfSfctf* 

[0104] mmm2-6) 

xmm.m$:M)$isti 0 $$*m\z.*5\,^x, tt^m^TiCNH^, r^^jta^x, 
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ISftttif ifcTC(3ia TC(220\ TC(422)<D\^frlfrfrWc^imk&£?K)&m£ki l ¥$: 
[0105] [^22] 
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[0106] m22K?jkir^m.m^ir^mm^m.^^^m^^x, ^xrK^mm^K 
t#j®^px^tv\ — ^px^doom)^^^*^^^ #t*»-ctt\ f^myo 

[0107] ^^K5/V ^Jffi^PX 

WJ#:SUS304 

M S:V=144m/min 

1 J) ^ tdOWO : ft = 0.03mm 

16^" fB]-^^^ : Ad = 8mm 

¥S^[Bj^Di^^ : Rd=0. 16mm 

^PXEggt :100m 

[0108] -^(D^, m22K^ir£?izmfem<Dm.m&^iii-%mk^T/^^j>>m&M 

9VMt\^ T*^?hlt3£X±. iarRjtttl#:TC(311), TC(220\ TC(422)(DV^ tb^S 
S^ft^^ftW^TiCN^rtjg^Ax.§^10-l~10-12, 10-16-10-19, 
10-21fi. ^<Dfm<D|*»itf&L-C. «tv/c»*^tt^X 

[0109] ^fc, ^22f3:^-r^^^, S^Sf*. 0.03 mJ^X, ^#:§ITO0.1 ix m^X24 

m m^T/«*U^~ ^t>^3 0 S^Jgte, rtJB<^f+J¥^<m/2J^T3W 

[Olio] XfE^io-i~io-2i(D^-C(D^>K^^ifU flWgfc&vvC, ^M^KD^l 

^4lO-21^r^<i--<-C(Z)^^K5/V^R m ax-eL3 mJ^T^^o-CV^c^, f££f 
lO^lfiRmax-ei.eMm-e&ofCo ^;^flO-21CO§^jl^*DV^-C^M^]^^l 

, ^#©^^-eW^#(7)Bft$»J^bfc^^>, RmaxTU61/zm^oTV^c 0 r. 
©liL^xyK^^ffl V ^TIWIC^OIlJ^-e#Jffi*PX^fofcl^, ffi«#£ 
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[oni] mmm2-6') 

±mnmo-i^ 10-21 bmm<vmm%m^v^%{¥mu skT&wnmwx 

WJ*t:S50C 

S:V=120m/min 
m «9:f=0.05mm/t 
^DjA^:Ad=10mm Rd=0.6mm 

^(Dffi^ ^^fl0-l~10-12, 10-16~10-19, 10-21 ^<Dffe<DiW£JfctfcLT 

?\s~?mnm&'pt£i)^tz. 0 m%.t£. &mm2-2'<D%m7-u<nm%m&itir%>b 

, 1^^-10-3,10-6^^^, 0.39, 0.42-CfeofCo 
[0112] (&3&M2-7) 

£W=SrTfBfcft*.-C\ ^22<Z)K#4lO-2. 10-13tmU(Dl^<Dffi.mm&2:%a<D 

pvDmzxm&u mmmm^^^i^mvtco nmio^tmmmm^mm. 
m^Mcx.^^^K^^x^ wBtm&j&j$ut&, 43r>-8iAW:&m^^xi&m 
*mfYm i^m^fz.mmmm^F^&ftmu nm^n-etmm^mmm^x 

1 JIS Z20«ffi^©jli^^On^#»t3i^K^S*t(^^^jg^^^ 

2 JIS#M&:P201J— ^yF^BU 10mm;2^^^TM^^K5:/^W 

3 tt&mmkMmmi&^mji^—v^Mmm BN3oo)©n^#rtJj?— 

^io-2(D^Sjg^?f^b^*a^S^^K5/v^v^-f nt>, ittt 
tCffitbS^*^, »*#H4is:«tt, ^*p B o-e*)§^10-13(D|^ajg^*^^^K 
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[0113] J^T, h*V^&Mlz.boXMcfrmz.m.W1rZ> 0 

jis kios^b m comm^m <> 8mm ; y^y^j/^mu^mmu ~ o»r©5^ 

, TiN(0.5\ TiCN(4\ TiBN(0.5), k -Al O (D^Tf^cU fi^JB^LTAlNQ.S)^^ 

2 3 

L/c(ffim^^w^ns:'efcs(W5AMm)) 0 Busts, mmmmfczmmistco ^ 

, S<3|SHl-2-ef*0.6 m m-efeofc 0 XPS(X-ray 

Photoelectron Spectroscopy) fcT$0J£Lfc o fW^lC^jR©^— T^g^rfS 

[0114] Dg23] 



No. 


ft*! 




11-1 


AIN * ! 


0. 03 


11-2 


AIN mi 


0. 18 


11-3 


AIN 


0. 48 


11-4 


AIN * 2 


0 


11-5 


AIN * 3 


0. 98 



[0115] m23\&^Mcftm&^zMmwiffl*})/i'&m^x, m24K^-rmm^Kxm 
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[0116] [^24] 



wmgift 3 


S0HlJ&# 4 


%£MW : SCM440 
3$ : V=70m/min 
5£ y> : f = 0. 3mm/rev. 
: 40mm(L/D = 5) 


$£8'JW : NAK80 
3lf J-Il : V=70m/min 
i£ K> : f=0. 25mm/rev. 
: 40mm(L/D=5) 



[0117] [^25] 



No. 




$^#4 






11-1 


500 £k± 


3. 5 


11-2 


500 J^_b 


2. 1 


11-3 


500 £A_h 

(*fta-fr-r) 


2. 8 


11-4 


285 


13. 8 


11-5 


182 


15. 9 



[0118] ziomzk. m5i^ir£?\z.m^mbvx, omo.5m^%s^T<Dmm^^mt 
s^px^Brfg-e^-^^^d^o Ht-, rtt^>(DK3|sfii-i~ii-3^, ummmz. 

[0119] (|*Sfc0!l3-2) 

nmms-ixm^^mm^m^v^mutmm^h^mMummim^ir^ 
m^mm^mcvDm^m^^xmm^-r^m^m^^m^ je^, ?as)-c^ 
i6 fc^-n&flMi £ i^#^/&ub 0 
[0120] ^i6i^i-K«s^i-?)^BK»Ky/^ffiv^-c. siTK^-rmmmm^xiK 

fc{t^PX^fTV\ XA^ir^^-etD^PX^^S'J^b^io XjyiMfrte, 
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[0121] KU/V •R&mWT.dtm'X) 

WJ*t:S50C 
M S:V=100m/min 
M «9:f=0.2mm/rev. 
^^^:24mm(L/D=3) 

[0122] [^26] 



m 

Na 






No. 


mm 




12-1 


7-1 


3500 


12-13 


7-13 


600 


12-2 


7-2 


4500 


12-14 


7-14 


790 


12-3 


7-3 


5500 


12-15 


7-15 


800 


12-4 


7-4 


4000 


12-16 


7-16 


1260 


12-5 


7-5 


5000 


12-17 


7-17 


1120 


12-6 


7-6 


4000 


12-18 


7-18 


1310 


12-7 


7-7 


3500 


12-19 


7-19 


1500 


12-8 


7-8 


4000 


12-20 


7-20 


800 


12-9 


7-9 


4500 


12-21 


7-21 


520 


12-10 


7-10 


5500 


12-22 


7-22 


1190 


12-11 
12-12 


7-11 
7-12 


3500 
3500 


12-23 


7-23 


1500 1 



[0123] m26\z.^&5Kftfcm<Dmmttttz&4\&TA<~vj*mtt 

*WB£U &1&^<DJfefrbtj:Zfom&Mctt&ffll2-l~12-12, 12-16—12-19, 
12-22, 12-23E\ *<Dm<Dtttftbit1&LX. Mtt&\Z&tlZk&\^ 

m:^~rz>^-bfi>t>frz> 0 

[0124] *fc, m26iC^ir^^h, M^mfe. 0.03 » mJ^_h, ^ffcilTOO.l ix m^_h24 
MmJ^TdW*bv^dSfc36^5„ Hie, StfWitt, rtJi©^tW¥*0>l/2!s*T3W 

[0125] _hfE^12-l~12-23(D^-C(DKy/V^ifb, ft^Jg^V^T, ^M^l^^l^fe 
^•12-22§r|^<i--<-C(Z)Ky/V^Rmax-ei.3 J u m^T^o-CV^c^, ^3^-12-22^ 
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Rmaxt?1.9/zm-C&ofc 0 ^X\ ^^12-22 ^OV^T, ^3^-7-22^ mffi:^. McW-M^ 

^-^h-ew^ur, ±mtmmco^m^mm^(Dmm.^wimi.tit^ Rm ax -e 
-r^mmcom^m, mnmm^r^titi^xh^t^^hth^o urn- 

12-l^*5V>-C|^#^ffift$^S!JSbfc^^>, RmaxX0.78nmXfoof^ s _hfS^^l 

[0126] !£|sfi2-23te, ^jg^H^S^rtiB^^Si^tift <&3£5«SJB 

^B^bfc 0 -tbt, XfB^12-l~12-20,12-22,12-23^*DV>T, mUm^m^i- 

ftm<V<>t£<bhm£<9hi&<fr<>fc&, |&|Sfl2-23«, 

fijlSi^riS^ofco i<Z)^J6, IWl2-23te, ^12-l~12-12^Jt^L-C^)f|iJtt^ 

[0127] (^^|3-2') 

±fE^12-l~12-23^^il^^ffiM«Ky/V^Mb, WT<^»#^0iiJ 

ofc 0 ^rb-C, fNffite, ^<DMfeimhb\mm3<DffiMSkmzXft ofco 
«IiJ#:S50C(Jl:*«9^) 

S:V=70m/min 
3£ «9:f=0.25mm/rev. 
!/v;^$:40mm(L/D=5) 

•^j^^ |£)|8fl2-l~-12-12, 12-16~12-19, 12-22, 12-23te\ ^(D^CD^Mtit 

m^x?u-?mmm^pt£fi^tio mx-U. m%i2-u<Dmnm%it~rz>t^ urn- 

12-3,12-9MtL-etl,, 0.32, 0.38-efcofc 0 
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[0128] mmmz-2i 

#px«KLT^;Mt#PX£:ffv\ XfB^^I#^px^:#:»j^bT^ 0 wis 

[0129] (f*ffc0lj3-3) 

£W=SrTfBfcft*.-C\ ^16(DK#47-2. 7-13i:^l#(Dm^*M^^J^PVD 

f§MS«IKy;v^fSL, ^;Wt|3-2^lKl#<o^DIiJ^#(K^*PX)T^fe 
^PX(ih^9^)^»Lfc 0 Wf iM^M^i-S^^J&Lfco 

^7-2(D|^aS^^b^^^f*, ^Jg<Di£jSf(D^:i;^0.2|j§CX%£ 

mmmm^mn, n^x^p:w-n(D^mm^M,^vv^t)AM\^x, zmsi 

[0130] (f£|^!l3-4) 

JIS K10*ft§ ^ <t> 8mm ; V y^RRy/^M£*«iU ^<D»T»5^ 

% TiN(0.5), ttt^MTiCN(4\ TiBN(0.5), k -Al O (l)^ff^L, ^SiXT 

2 3 

AiN(i.5)^Mm^tc(mm^<Dmm^mmxhum^fim)) 0 mmn, msmm^x 

IBf^tt^#cTC(D5^(3ll)®^^^t^§J;5{-^II$^ 0 HrflcfafcfcJu 

^CH CN^fflV\ ?UJt:900°C, X^ :8kPatir^tm^ TiCNfll<DTS^J&L 

3 

^TiN|^(D^ffift$Rmax(««$5 // m)^0.1 n mgSt^S £5 CT«(Z>j$lll^ 
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Mute i&mo^mfe, mi7K^ir£5fcRffctfx<D5ibmkfcMHcd<Ditm$: 

Rmax^l.3 n m£XTXfoof~ 0 ^ffclft^te, f£$*13-2^J3:0.6 ju nre&o/c 0 

Si©-^fi}i, XPS(X-ray Photoelectron Spectroscopy) \CXWM\Jk^ 
[0131] [Jt27] 



No. 






13-1 


AIN 851 


0. 03 


13-2 


AIN 581 


0. 18 


13-3 


AIN 581 


0. 48 


13-4 


AIN * 2 


0 


13-5 


AIN * 3 


0. 98 



[0132] m27ic*kirMcf\*m&^irz>mmwzmh*v/i'&m\<^x, mmz&t'Viffl&Wrizx® 

[0133] [J?28] 



MJIfe# III 


wmm* iv 


K y /l^X&^PXCHilX) 
jfelt!j*t : SCM440 
31? ^ : V = 70m/min 
t£ <9 : f = 0. 3 mm/rev. 
:7ti3S& : 40mm(L/D = 5) 

mnm ft^wmryv-) 


Ry/vKfcraxufs UK) 

IT^'JIt : NAK80 

j$ : V = 70m/min 

9 : f = 0. 25mm/rev. 
"Kim& : 40mm(L/D=5) 

mm : 



[0134] [^29] 
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No. 


SJH'J&ft III 


SlSd^ft IV 




KAD P CO 
XRJt Um) 


13-1 


500 J^Jn 


3. 8 


13-2 


500 J^_t 


1. 9 


13-3 


500 J^_t 


3. 1 


13-4 


312 


15. 3 


13-5 


250 


12. 1 



[0135] m29K^irxoKM^miiLx. mo.5m*%&>T<?>&&&i£ttmfc 

s^x^RTii-eabsr^^tJd^o ^^>o^i3-i~i3-3«, 

[0136] d*^3-5) 

l*^!|3-4T^V^M^^Ky/^W^I^#^^M#b^ilJ^|B#« 

4fcjfj&jf$TiCN(4\ TiBN(0.5\ Al O -ZrO (1)£U A^g^LTAlN^a^XSeiS^ 

2 3 2 

l^Jl^^JEE^i:^?aSi:Sr^>fb$^rSi:*^. TiCNj^tDTSi-^bfcTiNj^ 

ffi«r^>fb$*^o jyw^m, fcj&tfx\z.cH cmm^\ ^?aS92o°c, j±^6kp a 

3 

3 

fcUfc, 09*.^ TiCNJK©El^tt*BSfe©ia:^:^|iTC(422)i:-r5^r±, S*t<£>gl 
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[0137] [^30] 



BA- 
No. 




m ncum 






77* nit 


TC© 


14-1 




5. 1 


311 


800 


14-2 




7. 0 


422 


920 


14-3 




3. 2 


220 


900 


14-4 




2. 1 


220 


250 


14-5 




4. 0 


420 


210 


14-6 






311 


330 



[0138] ^30i^i-TiCNH^P fc 3jg^-r^^BM*Ky/V^fflV>T, £JtTfc^*#-£)li!l^k 

[0139] Ky/v ^fe^PXCMM^) 

»J#:»JW:S50C 
j£ S:V=80m/min 
j£ »9:f=0.2mm/rev. 
^^:40mm(L/D = 5) 

mm ^H^m^mmm) 

m»C(311), TC(220). TC(422)(DV>T ftfa^±M£t%mMM<DTiCNm$:M f 

^^i4-i~i4-3«. ummmz.mtix$3V), x.Mm^m<^x 

o 
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[0141] (f«#!l3-6) 

tt, T*^Mt^3£JUi. El6H£fB8fcTC(311), TC(220\ TC(422)<Dl ^ ^d^Sft 
[0142] ^22^^««jB^i-§^®M«Ky7V^fflV^T, «Tt*t5)i*#^t^ 

[0143] Ky/V ^fett*PX(ih*«9^:) 

WJ#:S50C 
3^ S:V=120m/min 

«9:f^0.2mm/rev. 
^^$:24mm(L/D=3) 

[0144] [^31] 



t£$4 

No. 


mm 




Na 


mm 


nam 


15-1 


10-1 


4000 


15-13 


10-13 


820 


15-2 


10-2 


4500 


15-14 


10-14 


600 


15-3 


10-3 


5000 


15-15 


10-15 


800 


15-4 


10-4 


4500 


15-16 


10-16 


1050 


15-5 


10-5 


5500 


15-17 


10-17 


1420 


15-6 


10-6 


4500 


15-18 


10-18 


1330 


15-7 


10-7 


3500 


15-19 


10-19 


1200 


15-8 


10-8 


4000 


15-20 


10-20 


510 


15-9 


10-9 


4000 


15-21 


10-21 


1010 


15-10 


10-10 


5500 




15-11 


10-11 


4000 


15-12 


10-12 


4500 



[0145] ^<z>mu m3i^i-x^mmA(Dmm^mir^mr^^M,m^M: 

W-mtU T^^Mt3J^X, Sfifatt^ifcTCOllX TC(220\ TC(422)<D^T fifrtf 
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MMW.&t%mmm.<DTiCNm&ftmKMttnm5-l~15-12, 15-16-15-19, 

i5-2i{*. ^m^mm-r^nms-iz^ i5-i5, i5-2otttm^xmmmz.mtiz>t 

[0146] miK7j<irffi%kfrh, ^^Jg«, 0.03^ ml^_h, ^f*J£IJ¥«:0.1 m£l_h24 

[0147] _hfE^:l4i5-l~l5-2l(D^-C(DKy/v^Bifb, fi^JB^^T, ^M?D<^5fc 

^§pj£#T^iij$t^M«@3f^®m^^2ps$5 n m-vmmvtd^^ n 

3|SH5-2lSr|^<i-^-C<DKy/VdSRmax-C1.3/i mgiTt^tV^, 1*^15-2 m 
Rmax-e2.0jum-efeo/c 0 ^-C, f^ol^T, t^lO-2l£H?)$l^ 

K^-^h-eW^bT, ±|Ei!l^ilO^fe-eW0^Offim$^S'JSLfc^r5, Rmax 
[0148] (^^|3-6') 

nm&n v \ ffi ^^^(5oo^)^4ott^^ ^&tt?&x<D?^—?mnmfW)itm\i£ 

Lfc 0 *JtM*§t@<Z>«!l5£fcJ\ ^12-l~12-23(D^a^SKy/^ffiV^^IIlJt* 

«IiJ#:S50C(lh*«9^) 

S:V=100m/min 
^ «9:f=0.25mm/rev. 
!/v;^$:40mm(L/D=5) 

Wl^, 1^3^-15-1 — 15-12, 15-16—15-19, 15-21te, ^<Dm<DW&tttM\,X 

?u—?mnmL&'pt£frot- 0 m%.t£. umm-2'(Dnm2-i±(Dm%m%:it'tz>b 

, 1^1415-3, 15-9^^-?:^, 0.29, 0.35X&^>tc o 
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[0149] 

_h|E^-Cf*, ^-(MJlKXftofcfrK ^15-1-15-21 tm^h'V^mMV 
, WWmW<D?1b, ^$^40mm(L/D = 5), ®Wm :^TZfv— Sr^yMmX, 

*BX(c:^x.T^:feMDX^fTV\ xtB^iwi^f^px^m^a'J^b-r^fco ^(D^ 

IBfRjtt^|#:TC(311) N TC(220\ TC(422)<D^^fh^M:±iW.^t^mSM^TiCU 

[oi5o] mmmz-7) 

i SMx^ip5iMKy/vsw(yy^K^7 o ) 
[0151] ^K^ffiMWJxjy*. ^IilJ?ft^fflL^v^K^px^^^*px, Bf«n^o 

BiJjfe^i:V^c^J3fedSi^ia(^5*PX, ^^fc^«PX^i«^«^|lJ|^^PXiV^o 
fc*PX^#^LV^giJ^jgi-S 0 ^W^®«*isOli!|XJ^ IS^r^C 

[0152] [iai](A)tt, ^^K5yKDifiB&^i-xffiig, (B)w:Ky/K^iKi&sr^-rEffiBi-e*>5 

o 
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[0153] 1 2 ^mjJ 3,7 j»$B 4,8 tf^V 5,9 i/^ls? 6 5feM 
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mttizLm&toWBt® m x * 0 

[5] TiCNfrbftZmt*. T^?hi£3l^±(Dm£fflM$:^U ^CO(220M, (311)® 

, (422)ffi<D#iafatt^irrC(220X TC(311), TC(422)(DV>-fiXd^SBaiRl^fi:<D 

s^fft^^§r^^r#^-r^ff^»tsH^4ii^fEgc»MS^DSijx* 0 

H5IBioiiS»IJiI. 

^Sfffid^feft^-TS^ife-CaiSSr^TofeBl, S«£5 jit m^LXRmax^l.3 ju m 
^T^^^^#m^X^ff^»t5ffl^liI^fB«c(D^BM§3iiJX* 0 
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m^w-, mimt^mmfew-™ ^tit^hmm^ti^ t^wmt-r^tm^ 
[10] mm^mwmr.Mc^ xv—Tv^^yy, ku/k ^k^/v^t^^&s- 

Mi^-M^mm-is 0.03 ix m.l^_hl0 ix m£XV. *%MM^W-<DWkm^ 0.1 ix m^_h30 

[12] ^M^WJXj^ Ky/VXte^K5/V-efc<9, 

^jB<^lli¥«, 0.03 m mJ^±8ju mJ^T, l&fSS^ftWBIJ?^ 0.1 ix m£(,_L24 
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